During the night of October 29-30, 2013, a low-light video camera installed at Pic du 15 Midi (2877 m) in the Pyrénées, recorded TLEs above a very active storm over the Mediterranean 16
Introduction

35
Sprites are luminous discharges observed above thunderstorms and they are classified as one 36 specific type of transient luminous events (TLE) since the beginning of 1990s when they were a southeasterly flow that carries unstable air over northern Spain and the Mediterranean Sea. A 214 CAPE value of ~1500 J kg -1 is reported from a sounding in Mallorca, Balearic Islands 215 (39.606°N, 2.707°E) on 29 October at 0000 UT. Romero et al. [2015] analyzed in detail the 216 conditions of development of the storm from observational to numerically simulated products. 217 They showed the convection starts end of morning, entirely over the sea between the figure also displays the maximum radar reflectivity within the cloud system at 1810 UTC (c) and 280 at 1820 UTC (d), detected with the radar in Mallorca. The cloud system is growing during the 281 period of both scans and the coldest temperature is about -71°C. Most CG flashes occur in a 282 small south-north elongated region of the cloud system corresponding to the coldest CTTs. This 283 region is located between ~4.5°E-5°E of longitude and between ~38°E-39.5°E of latitude. The
284
+CG flashes mainly occur in three groups, while the -CG flashes seem to be more uniformly 285 distributed. The maximum radar reflectivity shows three cores of high reflectivity within the 286 convective line with values between ~54-60 dBZ. The three cores correspond very well to areas 287 with high negative and positive flash rates (Figure 3a -b). The SP+CG strokes are much more 288 scattered than other CG flashes in the storm system. Indeed, out of the 21 SP+CG strokes 289 included in both figures, 20 are far from the coldest part of the cloud top, i.e. up to 150 km for 290 the farthest. The radar reflectivity map shows that the SP+CG strokes are located within a region 291 exhibiting the typical structure of a stratiform region, as observed in many works [Houze et al., 292 1990; Carey et al., 2005; Ely et al., 2008; Lang et al., 2010; Soula et al., 2009; Lu et al., 2013] .
293
Indeed, the maximum reflectivity is ~36-42 dBZ with a low horizontal gradient in the main part 294 of the area. Several SP+CG strokes trigger sprites recorded in a same video as illustrated in more 295 detail in the two following case studies. Other graphs display the time series of the optical events and lightning signals provided by the 303 different instruments described in section 2. The caption of Figure 4 details the description of 304 each graph. Table 2 provides time, location, current and discharge characteristics inferred from 305 the signals produced by the luminous events and the associated lightning strokes.
The duration of this series of sprite sequences is ~1.76 s, i.e., 88 fields of 20 ms including 307 38 fields with sprite luminosity. The sprite event consists of four sequences of continuous light 308 emission, each one with duration ~120-220 ms, i.e., from 6 to 11 fields. Each of these sequences 309 starts after a SP+CG stroke with a varying delay. Figure 4a displays two fields from each 310 sequence, including the first field of each sequence. The images show that the horizontal extent 311 of successive sprite elements covers at least ~60 % of the FOV of the camera, i.e., ~18.5°. Figure   312 4b shows the SP+CG and the lines of sight following the same northeastward displacement. The 313 lines of sight inferred from the first fields of each sprite sequence (F1, F33, F62 and F82) match 314 very well with the SP+CG stroke locations, except the first one that is clearly shifted. The 315 distance between the first and last SP+CG is ~180 km by using the great circle path, which gives 316 an idea of the large extent of the lightning process during the 1.76 second long series of sprite 317 sequences.
318
During the first sprite sequence that starts with the longest delay ~62-82 ms ( Table 2) , 319 several elements are produced during ~200 ms and the first one (F1) is found at a distance of ~25 320 km with respect to the initial stroke at t = 8.829 s. Simultaneously to the sprite emission in F5, 321 locations of VHF radiation sources are mapped along the lines of sight in F5 (blue in Figure 4b 322 and upper graph of Figure 4c ). There is a gap of ~0.44 s between the first sprite sequence and the 323 second that starts after a SP+CG stroke with a peak current of ~34 kA detected at t = 9.528 s.
324
Another gap of ~0.36 s whithout any recorded lightning activity precedes the third sprite 325 sequence associated with a SP+CG stroke of ~79 kA and a short delay followed by VHF sources 326 (yellow in Figure 4b -c). Figure 4b shows that the line of sight of the brightest element of the 327 sequence matches very well with the SP+CG stroke and the VHF emissions that follow it. After 328 a gap of ~0.2 s the fourth and shorter sprite sequence starts with a bright element after a SP+CG 329 stroke of ~152 kA and simultaneous VHF sources (orange in Figure 4b -c).
330
The 3-second long time series of the optical and lightning records in Figure 4c -d shows 331 that the four SP+CG strokes are identified in the electric field signal and that the larger the peak 332 current, the stronger the radiated electric field. The current moment waveform (red curve in 333 Figure 4c ) shows clearly substantial current after the SP+CG strokes, either as a continuing 334 current after the second SP+CG stroke (green symbol) or as a surge after the other cases of 335 SP+CG strokes, either associated or not associated with VHF sources. These characteristics will 336 be discussed in more detail in Section 5. sequence ranges from ~100 ms to ~320 ms, i.e., of 5 to 16 fields. Figure 5a displays one field for 344 each of the two first sequences and six for the third sequence. The first sequence (F1-F5) starts 345 between ~40 and ~60 ms after a SP+CG with a peak current of ~26 kA and a small increase of 346 the electric field in central graph of Figure 5c (first red arrow). Figure 5b shows that F2 is ~30 347 km laterally displaced from the SP+CG location (light blue colour), which coincides with the 348 line of sight of F17. The second sequence (F9-F20) is longer than the first one but still weakly 349 luminous and no SP+CG stroke is detected prior to the sprite. However, a small electric field The brightest sprite elements (F82 and F41) correspond also to large CMC values for the 465 SP+CG strokes, 6935 C km and 5277 C km, respectively) and to large values of iCMC (839 C 466 km and 440 C km, respectively), as indicated in Table 2 . As in Yaniv et al. [2014] , the brightness 467 is correlated with the CMC value of the parent stroke. However, in the present case, the first 468 sprite element for the case at 1803 UTC is produced with a long delay after a SP+CG stroke with 469 a very large value of CMC (~5000 C km calculated over ~60 ms after the stroke which 470 corresponds to the first field with sprite luminosity F1) as shown in Figure 8a . Indeed, the panel 471 with the current moment waveform shows a current pulse at 1803:8.829 UTC (t = 0 in Figure   472 8a), i.e., ~60 ms before F1, the first field with sprite luminosity. According to the current 473 moment waveform, the discharge continues during a few tens of ms that may correspond to a [2008] about delayed sprites. Their data showed that 46% of the sprite 483 elements were triggered with a delay larger than 10 ms after the SP+CG strokes and associated 484 with a substantial continuing current. Furthermore, these authors found that an intensification of 485 the continuing current can play a major role in the sprite triggering and that the sferic burst 486 simultaneously recorded is another consequence of the current intensification.
487 Figure 8b displays the current moment waveform and the CMC for another period of 488 ~600 ms during the sprite series sequence at 1803 UTC. In this case, the bright sprite element 489 (F82) is produced with a short delay after the stroke at 1803:10.516 UTC (t = 0 in Figure 8b ).
490
The current pulse of this stroke is followed by a current signature 100 ms long that may correspond to a continuing current and that includes a current pulse ~60 ms after that stroke and 492 a new sprite element is detected in F85 in the form of a carrot sprite that is still bright in F86. In 493 this case, no VHF source is detected by the XDDE system after the stroke, but we can infer that 494 the current intensification is due to a M-component superimposed to the continuing current that 495 triggers the sprite elements in F85-F86. We cannot exclude the sprite itself makes a contribution 496 to the current signature. By comparing the sprite elements in F85 to those visible in F82, their 497 structure seems vertically different. Actually at the location of two bright bodies of sprite 498 elements at about 70 and 75 km in F82-F84 (b 1 and b 2 in Figure 8b 509 that show carrots start at a lower altitude and develop upward streamers from the body for 10-15 510 km. This assumption is supported by the horizontal alignment of initial and new streamers all the 511 more so the initial ones last for several fields (F82-F84) and therefore the electric field is 512 maintained during the same time interval. The discharge process indicated by the current surge 513 during the continuing current can reinforce this electric field and trigger new streamers.
514
However, because the sprite elements are not triggered, we cannot conclude definitively that the 515 different streamers correspond at the same region. Thus, as in Li et al. [2008] , we observe an 516 altitude a few kilometres lower for the delayed sprites, triggered a few tens of milliseconds after 517 previous sprites. We can suppose the initial elements change the conductivity locally and 518 probably the potential since the initial sprite elements reach the altitude of the ionosphere (Figure   519 8b), which allows new sprite elements to develop following the surge visible in the current 520 moment waveform simultaneous to F85. Indeed, the conditions to trigger secondary TLEs may 521 be favourable if the altitude of the ionosphere potential is lowered after a preceding sprite and when a high concentration of charge is present in the thundercloud, as explained by Marshall 523 and Inan [2007] , Lee et al. [2012] . These sprite elements could be then considered as secondary 524 sprites, as described in Mlynarczyk et al. [2015] for a secondary TLE of troll-type in a case of 525 dancing sprite. Li et al. [2008] observed also an altitude a few kilometres lower for the delayed 526 sprites, triggered a few tens of milliseconds after previous sprites. second, distance to the camera, peak current, time delay ∆t between the stroke and the beginning 844 of the sprite sequence, CMC and impulsive CMC (iCMC). Figure 4 for the series of sprite sequences at 1808:20. In (a) F2 is the second field 890 with sprite luminosity. In (d), t = 0 corresponds to t = 20.626 s in the graph of c)). 
